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me PELTON WATER WHEEL 


Embracing in it variations of construction and application 


THE PELTON SYSTEM OF POWER. 


In simplicity of construction, absence of wearing parts, high efficiency and facility 
of adaptation to varying conditions of service, the PELTON meets more fully all require- 
ments than any other wheel on the market. Propositions given for the development of 
water powers based upon direct application, or Electric Transmission under any head 
and any requirement as to capacity. 


Compressed Air Transmission. 


No other wheel is so well adapted to this purpose. Where the head admits, it can 
be attached to compressor shaft direct, and serve for prime mover and fly wheel as well. 


Correspondence Invited. Catalogues Furnished upon Application. Address, 


PELTON WATER WHEEL CO., 


{21-123 MAIN STREET, SAN FRANCISCO, CAL. 
143 LIBERTY STREET, NEW YORK. 


BOSTON. NEW YORK. PITTSBURG. CHICAGO, ST. LOUIS. 


National Tube Works Gompany, 


MANUFACTURERS OF 


Standard Steam, Gas and Water Pipe. 
Locomotive and Stationary Boiler Tubes. 
Special Flanged Pipe for Compressed Air. 
Pump Columns for Mines. 
Special Light Lap-Welded Pipe, fitted with the 
Converse Patent Lock Joint for Water and Gas 
Mains. 
Cylinders with Dished or Flat Heads for Carbonic 
Acid and other Gases. 


NEW YORK OFFICE: HAVEMEYER BUILDING. 
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An Important Connecting Link in Gompressed flir Service 
© Moran Flexible Joint 


For high pressure, indispensible. 

Tightness, safety, flexibility and durability 
assured. 

Parties making experiments with Compressed 
Air may have the use of the ‘‘Moran Joint,” 


free for a limited time. 





MORAN FLEXIBLE STEAM JOINT CO., 
LOUISVILLE, - - - . - KENTUCKY 


ESTABLISHED 1858. 


“ Our Name and Brand a Guarantee of Quality.’’ 


High Grade Rubber Goods. 


CHANNELING SPRINGS. 


BELTING. SPRINGS. 
TUBING. MATS. 
VALVES. MATTINGS. 
HOSE GASKETS. 
TUBING. PLAY PIPES. 





LINEN AND COTTON HOSE. 


NEW JERSEY CAR SPRING & RUBBER COMPANY, 
MAIN OFFICE AND WORKS: 
Wayne and Brunswick Streets, Jersey City, N. J. 


BRANCH OFrFIce: 10 BArRcLay St., NEw YorK. 
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compressed air. 
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It is usually a waste of time to try and 
engage the average man in a serious dis- 
cussion on some feats in engineering per- 
formed by the ancients. 

The impression is general among en- 
gineers and others that the Colossus of 
Rhodes, for instance, could not have been 
put up in the manner we are told, and if 
put up it would not stand the wind pres- 
sure, etc., and they are ready to prove it 
by rules of modern science. 

Many marvelous achievements and in- 
ventions of the ancients are simply dis- 
credited because we are not able to do the 
same to-day. History, however, is authen- 
tic enough to convince us that some things 
have been forgotten, and that although we 
are far in advance of the ancients in sci- 
ence and the arts generally, still there are 
specific instances in which they were our 
superiors. 


In this age of invention of labor-saving 
devices and improved appliances for our 
personal comfort, we are only too ready to 
attribute everything to the spirit of the 
times, and we are quite surprised to find 
that something new, as we are pleased to 
call it, is really something old, and some- 
thing very old at that. Take the subject 
of the two sketches on another page; one 
represents a view of the new air beds on 
the sleeping cars which have become 
prominent of late since the railroad men 
have taken sucha fancy to compressed air. 

The air bed is not of modern origin. It 
was known to the ancients, as will be 
observed from the cut shown in another 
column of this issue, copied from some 
figures attached to the first German trans- 
lation of Vegetius, A.D. 1511. It repre- 
sents soldiers reposing on them in time 
of war, with the mode of inflating them 
by bellows. 

Heliogabalus used to amuse himself with 
the guests he invited to his banquets by 
seating them on large bags or beds, ‘full 
of wind,’’ which being made suddenly to 
collapse, threw the guests on the ground. 

Although this case in point does rot rival 
in importance the Colossus of Rhodes or 
Curios’ Amphitheatre, holding 80,000 per- 
sons and built so as to swing about in the 
course of a few hours and form two thea- 
tres back to back, still it might serve to 
answer the question, What is new in the 
world ? 


Much agitation seems to prevail in the 
minds of electric motor people upon the 
appearance of the Hardie Compressed Air 
Motor, and the work it is doing on the 
Third Ave. Street Railway in New York. 
Articles have appeared in various electrical 
journals, in which endeavor is made to 
throw cold water on the invention. Elec- 
tricity has had a lion’s share of trials, and 
has been generously patronized. Give the 
Air Motor a fair chance. 
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A MODERN STONE 


Ca:virg and Dressing Stone. 
COMPRESSED 
on 


AIR is enabled to present 
of the 
stone manufacturing plant that is 

The 
Manning & 
and it 


its cover a_ picture interior 
of a 
operated by compressed air. view 
was taken in the shop of | 
Son, of Plainfield, N. J., 


what is being done 


illustrates 
in this important ling 
by pneumatic tools and other improved a] 

paratis. 


For dressing and carving granite, 


marble or other material used as m 


onu 
ments and grave decorations, there is 
nothing so effective for the purpose, and 
experience proves that it reduces the cost 
of producing* handsome designs so that tl 
purchase of suitable gravestones is within 
the reach of all. 

The plant of Manning & Son consists of 


one’ vertical boiler and Baxter engine, a 


ee ae a 
lishing 
lishing 


6-in. x 6-in. 


machine, and a 


the 


Compressor, one po 


set of pneumatic tools of Keller 
tern. The whole outfit was supplied by the 
C. H. Haeseler Co., 


The arrangement of the plant was planned 


pat- 
of Philadelphia, Pa. 


by the owners, and for economy of space, 
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The compressor is run by belt. It takes a 
60 pounds of steam to run the entire plant§ 
2 
and about 4o pounds of air pressure to run 
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the pneumatic tools on heavy work. 
With the polishing machine, a 
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piece OF 
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hand it is said that it would take at least 
one month to do it. 

One pneumatic tool in the hands of a 
competent operator will do as much as 
three men, and do it much better. It can 
trace and cut letters, and do all sorts of 
fancy work. A stone-worker having such 
a plant as the one described has every 
chance of success, and can certainly dis- 
tance competitors in time and cost. 


Dudley’s Air Gun. 

It has been found that compressed air is 
the safest and best agent for expelling a 
dynamite shell. 

The ‘‘ Scientific American,’’ in a recent 
issue, describes the Dudley gun, a gun‘and 
compressed air plant in itself. It certainly 
isa most ingenious arrangement, and its 
use of gunpowder for the purpose of com- 
pressing air opens up possibilities in the 
application of the principle which will be 
apparent to any skilled mechanic. 

The Dudley gun might be called a long 
tube, bent upon itself so as to show three 
tubes side by side. These tubes lie paral- 
The long central tube 
is the firing tube, and weighs 250 pounds 
in a 4-inch gun. 


lel to each other. 


The two side tubes might be called the 
air compressor, for it is in them that the 
air is compressed to 850 pounds to the 
square inch. At the forward end of the 
gun, the two outside tubes are connected 
by an air passage. 

The rear end of one of the tubes is con- 
nected by a similar passage to the central 
or firing tube, and the rear end of the other 
side tube is fitted with a suitable’ breech 
mechanism to receive the powder cart- 
A glance at the diagram will show 
thepassage’of the air when the powder is 
ignited. 

The central or firing tube has a breech 
mechanism similar to a_breech-loading 
rifle. In this the projectile with its load of 
high explosive is placed. Then the breech 


ridge. 


piece is locked, the powder cartridge is 
placed in the side tube, and its breech is 
locked. 

The powder is ignited, and the air in the 
tubes is compressed by the generate gases. 
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DIAGRAM SHOWING 7RINCIPLE 





DUDLEY PNEUMATIC GUN. 


The force of the explosion, cushioned by 
the two columns of air which are between 
the powder cartridge and the projectile, 
acts upon the projectile. The shell leaves 
the gun with little noise of explosion and 
no smoke whatever. 

The recoil of the gun is slight, and 
springs are provided for taking it up. The 
projectiles used in the gun are brass cylin- 
ders with pointed ends. The fuse is at- 
tached to the front end and from the rear 
end of the shell extend vanes or rings to 
insure The entire shell is 52 
when fully charged 


rotation. 
inches long, and 
weighs 32 pounds. 
In the main body of the shell, which is 
the brass cylinder, the dynamite or nitro- 


glycerine is placed. In the forward end 
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of the charge is placed a charge of gun 
cotton, and in the centre of the gun cotton 
is a case containing fulminating mercury. 

It is believed that the principle of com- 
pressing air by the explosion of gun- 
powder, as itis done in the Dudley gun, 
can be employed in the useful arts, par- 
ticularly in quarrying and tunnel work, 
where air drills are remote from the main 
pipe of the air compressor plant. 





WATER AND AIR. 


An all-important question, nowadays, is 
how to secure an adequate and wholesome 
supply of water. It 
facturer, the farmer and the water commit- 
tees of both large and small communities. 
Its importance cannot be over-estimated. 

Until within a few years the supply 
taken from surface streams was considered 
sufficient, but droughts and ever-present 
impurities have shown the necessity for a 
more careful study of the subject, and asa 
result we have heard from all sections the 
decision to bore through the crust of the 
earth and tap the subterranean streams 
which are known to exist almost every- 
where. this 
strata has been found within 20 or 30 feet 


interests the manu- 


Sometimes water-bearing 


of the surface, as, for instance, on 
Island. 


Long 
And again, it has become neces- 
sary to bore 1000 to 2000 feet, as is the case 
quite often in Texas. 

The water secured under- 
ground sources is more wholesome and less 
apt to be contaminated than that taken 
from surface streams, and this is because 


from these 


the sand and gravel through which it per- 
colates acts as a filter more effectually than 
any device patented by human being. 
Whenever it is reported that this or that 
town’s water is impure and dangerous to 
public health, it will be found that the 
source of supply is a surface stream, and 
seldom, if ever, do we hear of sickness 
caused by water derived from underground 
sources, 


COMPRESSED AIR. 


After having drilled the well and tapped 
the subterranean stream, the problem 
seems to be how to bring the water to the 
surface; for as a rule the well does not flow 
of its own accord. Deep well pumps of 
innumerable patterns and designs have 
been constructed, and while each claims to 
be better than the other, they all seem to 
have their drawbacks. Their capacity is 
always limited, they require power out of 
all proportion to the work performed, and 
seem to have a faculty for getting out of 
order at the wrong moment; the cause 
usually being that a rod has been either 
broken or bent, or a valve or plunger be- 
come worn. All of this entails endless 
expense and annoyance, and makes the 
problem more serious than at first thought. 

When the water level in the 
within suction reach, a piston pump is 
usually employed; and while there are a 


well rises 


great many good makes on the market, the 
same objection is applicable to them as to 
the deep-well plunger type, and should the 
water level drop more than 25 or 28 feet 
below the surface, they become useless. 
The problem seems to have been solved, 
however, by what is known as ‘‘ The Air 
Lift’’ system—that is, raising water by 
means of compressed air. It was patented 
in 1892 by the late Dr. Julius G. Pohle. 
His process is a novel one, because it does 
away with all moving parts in the well, 
Need- 
his claim of ‘‘simplicity’’ is 


such as valves, rods, plungers, etc. 
less to say, 
borne out and its economy and value are at- 
tested to by its adoption throughout the 
country by large numbers of Water-works 
and manufacturing establishments. 

The process consists of placing two 
properly proportioned pipes in the well, 
one for discharging the water at the sur- 
face or tank, and the other for conveying 
the airinto the well. These two pipes are 
connected at the bottom by what is com- 
monly known as a foot or end piece, the 
air pipe being connected at the other end 
to the air compressor. 
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The compressed air is then forced 
through the air pipe into the foot piece 
and water pipe. and by its inherent expan- 
sive force, layers or pistons of air are 
formed in the water pipe, which lift and 
discharge the layers of water through the 
end of the water discharge pipe at the sur- 
face or tank. 

At the beginning of the operation, the 
water surface outside of the pipe and the 


pressure per square inch outside of the 
pipe. 

Owing to this difference of pressure, the 
water flows continually from the outside 
to within the water pipe by gravity force, 
and its ascent through the pipe is free from 
shock, jar, or noise of any kind. 

These air sections, or strata of com- 
pressed air, form water-tight bodies, which 
in their ascent in the act of pumping, per- 

















DR. JULIUS 


water surface inside of the water pipe are 
at the same level; hence the vertical pres- 
sure per square inch are equal at the sub- 
merged end of the pipe, outside and in- 
side. As the compressed air is forced into 
the lower end of the water pipe, it forms 
alternate layers with the water, so that the 
pressure per square inch of the column 
thus made up of air and water, as it rises 
inside of the water pipe, is less than the 


G. POHLE., 


mit no ‘‘slipping’’ or back-flow of water. 
As each air stratum progresses upwards to 
the,spout, it expands on its way in propor- 
tion as the overlying weight of water is 
diminished by its discharge, so that the ait 
action, which may have been, say 50 lbs. 
per square inch at first, will be only 1.74 
Ibs. when it underlies a water layer of four 
feet in length at the spout, until finally 
this air section when it lifts up and throws 
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. 
out this four feet of water, is of the same 
tension as the normal atmosphere; thus 
.proving that this pump is a perfect expan- 
sion engine. 

As the weight of the water outside of the 
discharge pipe (the head) is one-third 
greater per square inch than the aggregate 
water sections within the pipe when in 
operation, it follows that the energy due to 
this one-third greater weight is utilized in 
overcoming the resistance of entry into 
the pipe, and all the friction within it. 








RAISING WATER BY THE POHLE AIR LIFT 
AT H. LANG CO.’S FACTORY NEWARK, N. J. 





A peculiar and very important feature of 
the ‘‘Air Lift’’ system is that it invariably 
increases the yield of the well from two to 
three times. Ata recent test made by the 
City of Bethlehem, Pa., the yield of a well 
which was normally at the rate of 200 gal- 
lons per minute, was increased to 627 gal- 
lons per minute, or just three times, which 
is something remarkable. 

In breweries it is desirable that the water 
be at as low a temperature as possible, and 
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quite a!number have installed Air Lifts 
because of the fact that the water raised by 
this system has been reduced as much as 
two degrees in temperature. This is 
ascribed to the expansion of the air ab- 
stracting the heat from the water with 
which it is in close contact. 

Prof. Thos. M. the Lehigh 
University, some time ago stated that the 
success of filtration is very largely depend- 
ent upon aeration. It is claimed that this 
is-accomplished in a great degree by the 
Pohle system, and is no doubt true, as the 


Drown of 


air sweeping through the water mechanic- 
ally scrubs and cleanses it. 

The value and advantages of Dr. Pohle’s 
system are just becoming known, and the 
day is not far distant when it will be uni- 
versally adopted: 

Because of its simplicity. 

Because of its economy. 

Because it pumps all the water the well 
will yield. 

Because of its tendency to increase the 
yield of the well. 

Because it aerates and purifies the water. 

Because with one compressor any num- 
ber of wells can be pumped. 


Because it cools the water. 
H,. HELLMAN 


The Pelton Water Wheel Company of 
San Francisco have recently furnished the 
Alaska Gold Mining Company of Douglass 
Island, Alaska, a wheel of such extraordi- 
nary dimensions as to make a brief descrip- 
tion of interest. 

The wheel is 22 feet in diameter, and is 
connected directly to the shaft of a Duplex 
Compressor, with air cylinders 24 inches 
in diameter by 38 inch stroke, having a 
capacity of delivering 2,800 cubic feet of 
free air per minute at a pressure of So lbs. 
per square inch. 

The wheel weighs 25,000 lbs., and serves 
the purpose of a fly-wheel as well as prime 
mover. It runs undera water head of 480 
feet at a speed of 75 revolutions, and devel- 
opes upwards of 500 H. P. 

A hydraulic speed regulator is attached 
to the wheel, which controls its movement 
so that a uniform air pressure is maintained 
on the receiver. 
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A Diminutive Air Compressor. 

An air compressor 12 inches high, 15 
inches wide and 23 inches long, and actu- 
ated by electricity, is a real thing, and not 
amere plaything or curiosity. It is in 
practical use and doing service on elec- 
tric cars to control the brakes. It is in- 
stalled under the ordinary car seat, and if 
it is run for 30 seconds it will compress 
enough air to stop the car half a dozen 
times. 

The Standard Air Brake Co. build these 
compressors in connection with their air 
brakes, and they are as complete as the 
full-grown compressor used for heavier 
work. 


A DIMINUTIVE 


While the compressor is now used in 
connection with air brakes exclusively, its 
field of usefulness could be enlarged to a 
very great extent. 

There are many places where compressed 
air would be used, were it available, and 
this little compressor and others of its kind 
might be profitably employed; such as in 
pneumatic dispatch tubes, in pottery work 
for spraying colors, operating small pumps 
and dental tools, and innumerable other 
purposes, 


At the Altoona shops of the Pennsylva- 
nia Railroad the problem of handling ashes 
from locomotives has been satisfactorily 


solved by the erection of several pneumatic 
ash-hoists. An iron frame resembling a 
gallows extends across three tracks. Under 
it there is an ash pit. The bottom of this 
pit has a narrow-gauge track on which 
small trucks run and carry what may be 
called bifurcated buckets to receive the 
ashes as they are removed from the ash-pans 
of the engines. The ashes are raked out of 
the ash-pan into these buckets. The buck- 
ets are then attached tothe suspended hois* 
and run upon a trolley the length of the 
frame and dumped into a car, 


The Metropolitan Traction Co. have made 
several tests of the Hoadley Motor on their 


ATR COMPRESSOR. 


Ienox Avenue line, New York. The line 
is now equipped with the underground 
trolley. and the compressed air car has 
been running under the same condition as 
the other cars on this busy line. For 
nearly three weeks it made regular trips, 
carrying passengers as the other cars did, 
without the public knowing it. The cars 
are exactly the same as the standard cars of 
the company. The air motors are small 
engines enclosed in boxes and geared to 
the axles precisely as the electric motors 
are, and are but little heavier. The re- 
ceivers are charged to about 2,000 pounds 
pressure, and the air is reheated before 
using. 
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The Dancing of the Air. 


And now behold your tender nurse, the Air, 
And common neighbor, that aye runs around ; 
How many pictures and impressions fair 
Within her empty regions are there found, 
Which to your senses dancing do propound ! 
For what are breath, speech, echoes, music 
winds, 


But dancings of the air in sundry kinds ? 


For when you breathe, the air in order moves 
Now in, now out, in time and measure true 
\nd when you speak, so well she dancing loves, 
hat doubling oft, and oft redoubling new, 
With thousand forms she doth herself endue 
For all the words that from your lips repair 
\re naught but tricks and turnings of the air 


Hence is her prattling daughter, Echo, born, 
j That dances to all voices she can hear ; 
There is no sound so harsh that she doth scorn 
Nor any time wherein she will forbear 
rhe airy pavement with her feet to wear 
And yet her hearing sense is nothing quick 
For after time she endeth every trick. 


TTB 


And thou sweet Music, dancing’s only life, 





The ear’s sole happiness, the air’s best speech, 
Loadstone of fellowship, charming rod ot strife, 
rhe soft mind's paradise, the sick mind’s leech, 
With thine own tongue thou trees and stones 
can teach, 
That when the air doth dance her finest 
measure, 





Then art thou born, the God’s and men’s 


sweet pleasure, 


Lastly, where keep the winds their revelry, 
rheir violent turnings, and wild whirling hays, 
But in the airs’ translucent gallery ? 
Where she herself is turned a hundred ways, 
While with those maskers wantonly she plays 
Yet in this misrule, they such rule embrace 
As two at once encumber not the place. 


SIR JOHN DAVIES 


A Clock by Air. 

The new Fisher Building in Chicago is 
furnished with a clock run by compressed 
air. It is a monster time-piece on the 18th 
floor, and sets the hands on numerous 
dials throughout the building. This great 
clock is a sort of central plant, and it con- 
trols almost any number of secondary 
Compressed air forms the 
connection between them. 


clocks or dials. 


An air pres- 


sure of about fifteen pounds to the square 
inch is required, and that is usually ob- 
tained from a small air pump where other 
compressing apparatus are not available. 
When the air pressure is turned on in 
the main pipe it exerts its pressure all over 
the building. At each dial there is a little 
air pocket, a simple escapement, and a 
When the air 
pressure fills the pocket, the escapement 
starts and the hands move ahead one min- 


couple of gear wheels. 


ute. Then the air is exhausted, the pocket 
empties, and the escapement sets itself 
ready for another impulse. In this way 
each minute sets the dials all telling the 
correct time according to the master clock. 
Hence the secondary timepieces are never 
more than thirty seconds wrong, either 
fast or slow. 

In the Fisher Building there are now 
about twenty-five of these dials in use, and 
more are being added as fast as tenants 
arrive. 


As another instance of the dependence 
of electricity on compressed air, and vice 
versa, we might mention rock blasting. 
One of the most notable illustrations of 
this is shown in the building of the Chi- 
James Macbeth & 
manufacture machines 


cago Drainage Canal. 
Co., New York, 
that are used extensively on this great 
work. They are complete in themselves, 
being capable of firing from 10 to 50 holes 
at once, according to size of machine used. 
The holes are bored in the rock by com- 
pressed air drills. As many as 26 are 
bored transversely across the canal, and by 
the operation of the electric blasting ma- 
chine they are fired simultaneously. These 
blasts were the most impressive sights on 
the canal# 


The Foster Air Pressure Regulator. 
Mr. J. M. Foster, inventor of the valve 
that bears his name, is President and Gen- 
eral Manager of the Foster Engineering 
Company of Newark, N. J. Years ago he 








invented and patented several devices for 
the use of compressed air and gases in the 
arts and industries, especially in dental 
surgery and in lighting systems. Since 
then his researches have extended into the 
wider fields of regulation of all pressures 
of air, steam, gas and water. As a practi- 
cal result of his scientific and mechanical 
skill, the Foster Pressure Regulator was 
evolved—a valve that to-day holds the 
highest place for all-round efficiency of 
any in the market. 

On the merits of his Regulator the large 
business of the Foster Engineering Com- 
pany was founded, and the company has 
become the leading manufacturers of pres- 
sure regulating valves in this country. 

The Foster Regulator is now the stand- 
ard of the United States Navy, the Govern- 
ment employing it exclusively on its cruis- 
ers, battleships, and other vessels, while 
the leading shipbuilders of the country 
have adopted it as the best pressure regu- 
lator made. 

When the application of compressed air 
as a motive power for street and other rail- 
ways assumed commanding importance 
and promised commercial returns, the most 
difficult problem was to bring the high 
pressures under quick and absolute con- 
trol of the motorman. Various devices 
were tried to effect this, but all proved 
more or less inadequate, until the Foster 
valve was introduced. With some modifi- 
cations necessary to the new service, this 
valve was found to answer every require- 
ment—in fact, to be the only one that 
would; and it is not too much to say that 
without it the practical success of com- 
pressed air motors would still be a matter 
of doubt. 

The Foster valve is now used in the 
Hardie, Hoadley, Porter and other sys- 
tems. 

We hope in an early number to present 
an illustrated description of this valve, and 
the function it serves in connection with 
compressed air motors. 
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The following was taken from a letter to 
Mr. H. U. Frankel, President of the Moran 
Flexible Steam Joint Co., from E. P. Lord, 
Sup’t. of H. K. Porter & Company : 

‘* Replying to the last paragraph of your 
letter of the gth inst.,, regarding the ser- 
vice that we have secured from the use of 
the Moran Joint: For your information 
we would state that with the_increasing de- 
mand and orders for compressed air loco- 
motives with which we have been favored 
in recent yearr, we were compelled to 
adopt 


some form or design of metallic 


coupling which would be absolutely safe 
and tight under the excessive air pressures 
of 600 to Soo pounds; per square inch 
which were required in charging our 
pneumatic motors. We were unable to 
secure any rubber hose used in connection 
with our couplings that would secure to us 
the life and safety in operation that was es- 
sential. In the selection of the Moran 
Joints, as manufactured by your company, 
however, we believe that we have secured 
a coupling which will give us the most 
satisfactory service and meet our specifica- 
tions as to tightness, safety, flexibility and 
durability, as the couplings we have al 
ready used in the installation of compressed 
air plants have so far never given us the 
slightest trouble.”’ 
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CONTINUED.) 

Fig, 13 illustrates the theory of Duplex 
Air Compressors. The hydraulic piston or 
plunger compressor is largely used in Ger- 
many and elsewhere on the Continent of 
Europe, but the duplex may be said to be 
the standard type of European compressor 
at the present time. It is also largely used 
in America. Fig. 13 shows the four cyl- 
inders of a duplex compressor in two posi- 
tions of the stroke. It will be observed 
that each steam cylinder has an air cyl- 
inder connected directly to the tail rod of 
its piston, so that it is a direct-acting 


steam ea 


air cylinder is beginning its stroke. Re- 
ferring now to the lower section, it will be 
seen that the conditions are reversed. One 
crank has turned the center, and that pis- 
ton which in the upper section was doing 
the greatest work is now doing little or 
nothing, while the labor of the engine has 
been transferred to those cylinders which 
a moment before had been doing no work. 

This is the theory of the Duplex Com- 
pressor, but it can hardly be said to be true 
when applied in practice, because of the 
heavy fly wheel which is placed on the 
main shaft. This wheel takes up and 
equalizes the power imparted by the steam 
pistons, and in fact it is the fly wheel which 
really does the work of compression at or 
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FIG. 


machine, except in that the strains are 
transmitted through a single fly wheel, 
which is attached to a crank shaft connect- 
ing the engines. In other words, a duplex 
air compressor would be identical with a 
duplex steam engine, except in, that the air 
cylinders are connected to the steam pis- 
ton rods. The result is,as shown in Fig. 
13, that at that point of the stroke indi- 
cated in the top section, the upper right 
hand steam cylinder, having steam at full 
pressure behind its piston, is doing work 
through the angle of the crank shaft upon 
the air in the lower left hand cylinder. At 
this point of the stroke the opposite steam 
cylinder has a reduced steam pressure and is 
doing little or no work, because the opposite 


| 





‘ 
£5. 


near the end of each stroke. Heavy fly 
wheels are therefore essential in order to 
produce the best results with duplex com- 
pressors. 

In the duplex pattern, the crank shafts 
being set quartering, asis the usual con- 
struction, the engine may be run at low 
speed without getting on the center. Each 
half being complete in itself, it is possible 
to detach the one when only half the ca- 
pacity is required. 

Commercially the Duplex Compressor 
appeals to the trade in that one side, ora 
half duplex, is furnished with a fly wheel 
and outboard bearings designed for a com- 
plete duplex machine, so that at first, at a 
little more than half the expense, one side 
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is erected and when more air is needed 
the capacity of the plant is doubled by 
adding the other half. Where large capaci- 
ties are required the duplex will admit of 
larger air production with economical en- 
gines, and at less expense when the cost of 
the plant is considered in proportion to the 
volume of air furnished. 

Mr. John Darlington, of England, gives 
the following particulars of a modern air 
compressor of European type: 

“Engine, two vertical cylinders, steam 
jacketed, with 
Cylinders, 


Myer’s expansion 
16.9 inches 


gear. 
diameter, 
39.4 inches; compressor, 


stroke 
two cy linders, 








AIR. 


594 lbs., or a loss of 1°6 percent. Or if 
compressed without abstraction of heat, 
the work expended would in that case 
have been 48,158. The volume of air com- 
pressed per revolution was 0°5654 cubic 
meters. For obtaining this measure of 
compressed air, the work expended was 
21,557 pounds. 

‘The work done in the steam cylinders, 
from indicator diagrams, is shown to have 
been 25,205 pounds, the useful effect being 
85's per cent. of the power expended. 
The temperature of air on entéring the 
cylinder was 50 deg. Fah.; on leaving, 62 
Fah 


deg. Fah., or an increase of 12 deg. 






































Fig. 14. 


diameter of piston 23'0 inches; stroke 39°4 
inches; revolutions per minute, 30 to 40; 
piston speed, 39 to 52 inches per second; 
capacity of cylinder per, revolution, 20 
cubic feet; diameter of valves, viz., four 
inlet and four outlet, 5% inches; weight 
of each inlet valve, 8 lbs.; outlet, 10 lbs.; 
pressure of air, 4 to 5 atmospheres. The 
diagrams taken of the engine and com- 
pressor show that the work expended in 
compressing one cubic meter of air to 4°21 
effective atmospheres was 38,128 lbs. Ac- 
cording to Boyle and Mariotte’s law it 


would be 37,534 lbs., the difference being 


HYDRAULIC 


AIR COMPRESSOR. 


Without the water jacket and water injec- 
tion for cooling the temperature it would 
have been 302 deg. Fah. The water in- 
jected into the cylinders per revolution 
was 0.81 gallons.’’ 

We have in the foregoing a remarkable 
isothermal result. The heat of compres- 
sion is so thoroughly absorbed that the 
thermal loss is only 1°6 per cent. ; but the 


loss by friction of the engine is 14°5 per 
cent., and the net economy of the whole 
system is no greater than that of the best 
American 


dry compressor, which loses 
about one-half the theoretical loss due to 
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heat of compression, but which makes up 
the difference by a low friction loss. 
The wet compressor of the second class is 
the water piston compressor, Fig. 14. 

The illustration shows the general type 
of this compressor, though it has been 
subject to much modification in different 
places. In America a plunger is used in- 
stead of a piston, and as it always ‘moves 
in water, the result is more satisfactory. 
The piston, or plunger, moves horizontally 
in the lower part of a U-shaped cylinder. 
Water at all times surrounds the piston 
and fills alternately the upper chambers. 
The free air is admitted through a valve on 
the side of each column and is discharged 
through the top. The movement of the 
piston causes the water to rise on one side 
and fall on the other. As the water falls 
the space is occupied by free air, which is 
compressed when the motion of the piston 
is reversed, and the water column raised. 
The discharge valve is so proportioned 
that some of the water is carried out after 
the air has been discharged. Hence there 
are no clearance losses. 

The 


compressor is 


chief claim 
that its piston is also its 
cooling device, and that the heat of com- 


pression is absorbed by the water. So 


for this water piston 


much confidence seems to be placed in the 
isothermal features of this machine that 
usually no water jacket or spray pump is 
applied. Mr. Darlington, who is one of 
the stanch defenders of this class of com- 
pressors, has found it necessary to intro- 
duce ‘‘spray jets of water immediately 
under the outlet valves,’’ the object of 
which is to absorb a larger amount of heat 
than would otherwise be effected by the 
simple contact of the air with the water- 
compressing column. Without such spray 
connections, it is safe to say that this com- 
pressor has scarcely any cooling advan- 
tages at all, so far as air cooling is con- 
cerned. 
heat. 


Water is not a good conductor of 
In this case only one side of a large 
body of air is exposed to a water surface, 
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and as water is a bad conductor, the re- 
sult is that a thin film of water gets hot in 
the early stage of the stroke, and little or 
no cooling takes place thereafter. The 
compressed air is doubtless cooled before 
it gets even as far as the receiver, because 
so much water is tumbled over into the 
pipes withit; but to produce economical 
results, the cooling should take place dur- 
ing compression. 

Water and cast iron have about the same 
relative capacity for heat at equal volumes. 
In this water piston compressor we have 
only one cooling surface, which soon gets 
hot, while with a dry compressor, with 
water jacketed cylinders and heads, there 
are several cold metallic surfaces exposed 
on one side to the heat of compression, 
and on the other to a moving body of cold 
water. 

sut the water piston advocate brings 
forward the question of speed. It is said 
that, admitting that the cooling surfaces 
are equal, we have in one case more ime 
to absorb the heat than in the other. This 
is true, and here we come to an important 
class division in air compressing machinery 
high speed and short stroke as against slow 
speed and long stroke. NWydraulic piston 
compressors are subject to the laws that 
govern piston pumps, and are, therefore, 
limited to a piston speed of about roo feet 
per minute. It is quite out of the question 
to run them at much higher speed than 
this without shock to the engine and fluc- 
tuations of air pressure due to agitation of 
the water piston. The quantity of heat 
produced—that is, the degree of tempera- 
ture reached—depends entirely upon the 
conditions in the air itself, as to density, 
temperature and moisture, and is entirely 
independent of speed. We have seen that 
it is possible to lose 21°3 per cent. ot work 
when compressing air to five atmospheres 
without any cooling arrangements. With 
the best compressors of the dry system 
one-half of this loss is saved by water 
jacket absorption, so that we are left with 
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about I1 per cent., which the slow moving 
‘compressor seeks to erase. We are quite 
safe in saying that the element of /ime 
alone in the stroke of an air compressor 
could not possibly effect a saving of more 
than half of this, or 5% per cent. Now, 
in order to get this 5% per cent. saving, we 
reduce the speed of an air-compressing en- 
gine from 250 feet per minute to 100 feet 
per minute. We must, therefore, in one 
case have a piston area fhive and one-half 
times that of the other in order to get the 
same capacity of air, and in doing this we 
build an engine of enormous proportions, 
with heavy moving parts. We load it down 
with a large mass of water, which it must 
move back and forth during its work, and 
thus we produce a percentage of friction 
loss alone equal to twice or even three 
times the 5'% per cent. heat loss which is 
responsible for all this expense in first cost 
and in maintenance, but which really is 
not saved, after all, unless water injection 
in the form of spray also forms a part of 
‘the system. 

It is obvious that cost of construction 
and maintenance have much to do with 
the commercial value of an air compressor. 
The hydraulic piston machine not only 
costs a great deal more in proportion to 
the power it produces, but it costs more to 
maintain it, and it costs more to run it. It 
is not an uncommon thing to hear engineers 
speak of the hydraulic piston compressor 
as the ‘‘most economical’’ machine tor the 
purpose, but that it is so ‘‘expensive’’ and 
takes up so much room, and requires such 
expensive foundations that, unless persons 
are ‘‘willing to spend so much money,”’ 
they had better take the next best thing, a 
high speed machine. 

The hydraulic piston compressor has one 
solitary advantage, and that is, it has no 
dead spaces. It was conceived at a time 
when dead spaces were very serious condi- 
tions. Valves and other mechanism con- 
nected with the cylinder of an air com- 
pressor were once of such crude construc- 
tion that it was impossible to reduce the 
clearance spaces to a reasonable point, and 
furthermore, the valves were heavy and so 
complicated that anything like a high 


speed would either’ break them or wear 
them out rapidly, or derange them so that 
leakages would occur. But we have now 
reduced inlet and discharge valves and all 
other moving parts connected with an air 
cylinder toa point of extreme simplicity. 
Clearaice space is in some cases destroyed 
altogether by what is, as it were, an elastic 
air head which is brought into direct con- 
tact with the piston. All this reduces 
clearance to so small a point that it has no 
influence of any consequence. The moy- 
ing parts are made extremely simple. 


W. L. SAUNDERS 


Mannesmann Steel Bottle Test. 

The public in general appears to have the 
idea that using compressed air stored at 
high pressures on street cars is dangerous. 
To prove how unfounded is this view, one 
of the bottles or tubes that is used in street 
cars was tested to destruction by hydraulic 
pressure on the t1oth inst. by Chas. G. 
Eckstein & Co. of New York, at the works of 
Messrs. Watson & Stillman, of this city. 
Prof. Jacobus, of Stevens Institute, assisted 
by Mr. Curtis W. Shields of our staff, con- 
ducted the test, the results of which are 
given below. Among those interested pres- 
ent were Mr. Alfred Mannesmann, presi- 
dent of the Mannesmann Cycle Tube Co., 
Adams, Mass.; Frank Richards, of the 
‘‘American Machinist;’’ John J. McCutch- 
eon, Ass’t Engr. American Air Power Co.; 
Rudolph Allert, Sup’t Consumers Brewing 
Co. and Dr. Wm. Mettenheimer. 

The bottle was marked off into 7 equal 
parts and the measurements taken with- 
out pressure beginning at the bottom, 
were as follows: 2’ 5 1-167, 2’ 5 1-16, 2’ 
[-10', “2° 


’ 


BiG ta 6 4-48", 2° 5 3-2, 2 
1-32’ outside diam. respectively. Length 
‘6%’ over all between perpendiculars. 
Under a pressure of 2500 lbs. the greatest 
expansion was a little over I-16; at 4000 
Ibs. 3-32". When this pressure was removed 
the bottle returned to its original measure- 
ments. At 4350 lbs. the greatest expansion 
was %"; at 4550 lbs. 7-32, and the greatest 
permanent set noticed was 6-32’. 

At 5000 Ibs. the length of the bottle had 
increased nearly '%", and the expansion 
was 7-16"; at 5280 lbs. 5g", at 5730 lbs. 
13-16". The bottle burst under a pressure 
of 5760 lbs. The fracture was very clean, 
and not even a minute particle of the metal 
flew. The fracture extended from the neck 
a distance of 2’ 3" down the side of the 
bottle. 
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INTERIOR OF SLEEPING CAR. 


The Ruth Pneumatic Car Furnishings. 

The private car of the vice-president of 
the Pittsburg and Lake Erie Railroad is 
equipped with the Ruth pneumatic mat- 
tresses and chair seats. These appliances 
are contained in one compartment of the 
car, and consist of four sections, or eight 
single beds, furnished with eight heavy 
duck and rubber mattresses that can be in- 
flated with air from the engine by simply 


turning the air-cock provided near each 
bed. 

When not in use, and the compartment 
is being used as a_ parlor, they are entirely 
out of the way and one would not even 
suspect them of beinga part of the furnish- 
ings of the car, When not inflated they 
shut up like an accordion, being formed 
in pleated folds, and fit into the side of the 
car and are covered from sight by the piece 
forming the side of the beds. 
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The partitions dividing the berths 
are fitted closely to the inside wall of 
the car, the portions of the partition 
that would cover the car windows being 
cut away. These partitions are fitted 
with shutters windows sliding verti- 
cally, and can be opened or closed as 
desired. If closed they cannot be 
opened by the occupant of the berth. 
When opened in either the lower or 
upper section the two sections have 
free communication, and this arrange 
ment is desirable in case of sickness or 
for families with children. The opera 
tion for transforming the parlor to a 
sleeping compartment is simple and 
easy. The porter by turning the same 
air valve that inflates, siphons the air 
from the seats of the chairs and then 
turns their backs down, making them 
low enough to fit under the bottom 
berths. 


New “Class W” 


(Automatic) 


Pressure oom 
Regulator. 


The only Pressure Regulator satisfactorily 
controlling High Initial Air Pressures. 


In successful service on ALL the AIR- 
MOTORS yet tested. 


FOSTER ENGINEERING CO.., 
NEWARK, N. J. 
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Compressed Air. 


MANUFACTURERS AND LICENSEES: 


The Ingersoll-Sergeant Drill Co. 


PNEUMATIC DEPARTMENT, 


HAVEMEYER BUILDING, - NEW YORK. 
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HOGAN WATER TUBE BOILERS 





PERFECT IN DESIGN. 
*‘AINONODA NI dessvVdaNsNnn 





Always give entire satisfaction. Combines every desirable feature in 
boiler construction and design. 


SAFE, EFFICIENT, DURABLE, FREE FROM SCALE on heating 
surfaces. Has POSITIVE and CONTINUOUS CIRCULATION. Need 


no feed water heaters or steam separators. 
Delivers all steam above the water line. 


The WATER LINE is STEADIER than can be found in ANY 
OTHER WATER TUBE BOILER. 


Manufactured by 


HOGAN BOILER COMPANY, MIDDLETOWN, N. Y. 
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) VALVE LEATHER, 
$7 \e\ HYDRAULIC LEATHER, (@/ $f 
P=) pump LeaTHER, © 











OF ALL KINDS AND DESCRIPTIONS 
MANUFACTURED BY 


CHAS. A. SCHIEREN & CO., 
Tanners and Manufacturers, 


NEW YORK: 45-5 FERRY STREET. 

BOSTON: 119 HIGH STREET. 

CHICAGO: 46 SOUTH CANAL STREET. 
PHILADELPHIA: 226 NORTH THIRD STREET. 


TANNERY AT BRISTOL, TENN. 


MANNESMANN TU 


<n 








BE WORKS. 



















in “SS 
tea 
ng MANUFACTURERS OF 
we Seamless Rolled Tubes for Gases, Compressed Air, Etc., 
UNDER HIGH PRESSURE. 
TY Tested and approved by the highest authorities and Governments of Europe and 
America. 
Each Tube is carefully tested, and a Government Test Certificate is furnished with 
each Tube. Representatives :— 
f CHAs. G ECKSTEIN & CO, 
: 45 VESEY STREET, - - - NEW YORK. 
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The Wolstencroft 


Pneumatic 


Tool Co., 


(Frankford) 





Philadelphia, 





Pa. 


Me 


The Simplest and Most Effici- 
ent Pneumatic Tool in the Market. 
Designed for caulking boilers, 
beading boiler flues and chipp- 
ing metals of all kinds. 

We are equipped to furnish an 
estimate on complete air plant 
as well as all sizes and kinds of 
pneumatic tools. Hammers from 
Y% inch diameter, weight 93 
grains, to 2 inch diameter, 
weighing 2% lbs. 

Efficiency Guaranteed for Five 


Years. 


Ny Ha 
X “ 
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McNAB & HARLIN MFP’G CO., 


MANUFACTURERS OF 


BRASS COCKS, 


PLUMBERS’ BRASS WORK, 


Globe Valves, Gauge Cocks, Steam Whistles and Water Gauges, 
WROUGHT IRON PIPE AND FITTINGS, 


Plumbers’ and Gas Fitters’ Tools, 


No. 56 JOHN STREET, - - NEw YORK. 


Factory, Paterson, N. J. 


Wheeler Condenser & Engineering Co. 


39-41 CORTLANDT STREET, NEW YORK. 







aes i SURFACE 
4, CONDENSERS 

MARINE 1} Mounted on 
and Combined Air 

STATIONARY one 
Circulating 
SERVICE. P 
‘umps. 


PROPRIETORS AND MANUFACTURERS OF 
WHEELER STANDARD SURFACE CONDENSER; WHEELER ADMIRALTY 
SURFACE CONDENSER; WHEELER LIGHTHALL SURFACE CONDENSER; 
VOLZ PATENT SURFACE CONDENSER AND FEED WATER HEATER ; 
EDMISTON PATENT FEED WATER FILTER. 


WHEELER’S PATENT FEED WATER HEATER. 
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"The 


C. & G. COOPER CO. 


MT. VERNON, OHIO. 


CORLISS ENGINES. 


CoMPOUND. 





TRIPLE EXPANSION, 
SINGLE CYLINDER. 


Of all sizes up to 3,000 





Horse-power. 
— FOR — 
FACTORIES, RAILWAYS, ELECTRIC LIGHTING, 
ROLLING MILLS, AND ALL KINDS 
OF MANUFACTURING. 





CORRESPONDENCE SOLICITED. 
HOME OFFICE: MT. VERNON, OHIO. 
NEW YORK: Room 1022 Havemeyer Building, F. W. IREDELL, Mgr. 
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= PULSOMETER a" 


“The Contractor’s Friend.” 


OFTEN IMITATED—NEVER EQUALED. 
OVER 20,000 IN USE. 





Recent Important Improvements. 





The Handiest, Simplest and Most Efficient Steam Pump for 
# General Low Service Mining, Quarrying, Railroad, Irrigating, 
} Drainage, Coal-washing, Tank-filling, Paper Mill, Sewer and Bridge 
@ Contractors’ Purposes, etc., etc. 


Muddy or gritty liquids handled without injury to the Pump. 





PULSOMETER STEAM Pump Co. 


Catalogue on Application. Correspondence Solicited. 


135 GREENWICH STREET, NEW YORK. 


CEE FUCKER. Ja 


Contractor’s and Machinist’s 


SBSUPPLIES, 


2, 
y. 
is SOLE AGENT FOR 


Lightning and Green River Taps and Dies, 
Bolt Cutting Machinery, 
Eagle Sight Feed Lubricators, 


Crane’ S. Portable Drills. 


135 GREENWICH STREET, NEW YORK. 
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Do You Roast Your Ores? 
.. . » YOU CAN SAVE... 


FUEL, COST UF REPAIRS AND LABOR, 


The Ropp Straight Line Furnace, 


FOR SALE BY 


PARKE & LACY CO., 


2! & 23 Fremont Street, San Francisco, Cal. 














SOLE LICENSEES. CATALOGUE UPON APPLICATION. 


BOILERS AND ENGINES. 


BOILERS—stTATIONARY RETURN 
TUBULAR; WATER TUBE, LO- 
COMOTIVE, VERTICAL. SCOTCH 
MARINE. BOILERS ON WHEELS 
OR SKIDS. 


ENGINES—nicH — MoDERATE— 
SLOW SPEEDS—HORIZONTAL— 
VERTICAL-SINGLEAND DOUBLE 4 
COMPOUND AND TRIPLE EX- 
PANSION. 





STEAM PLANTS SPECIALLY ADAPTED FOR DRILLING AND 
MINING MACHINERY. 





PIERCE & MILLER ENGINEERING CO., 
% CORTLANDT STREET, NEW YORK CITY, N, Y. 
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W. A. CROOK & BRO.’S CO., 


Manufacturers of 


Improved Hoisting Engines, 


FO PILE DRIVING, RAILROADS, BRIDGE 
BUILDING, MINES, QUARRIES, COAL 
vvvve’’”’ HOISTING anp BUILDING PURPOSES. 


BUILT ON THE DUPLICATE PART SYSTEM. 








OVER 350 SIZES AND STYLES, 
Log Hauling by Steam and Suspension 
Cableways. 
BOSTON OFFICE: 
47 Pearl Street, cor. Franklin. 





MAIN OFFICE AND FACTORY: SS 
117-123 Poinier Street, Newark, N. J. | 


SALESROOM : FS 3 
143 Liberty Street, - New York. “ 


THE Compressed Air. 


Practical information upon Air-Compression 


e and the Transmission and Application 
Omer Dust-Proof Cabinets oe 


By FRANK RICHARDS. 12mo, cloth, $1.50 
John Wiley & Sons, New York. 





Will give the best satisfaction for any and 


all purposes of filing. They occupy but JAMES. McCAR TNEY, 
little floor space, are of large capacity, and Contractor and Builder 
’ 


4199 FULTON AVENUE, 
NEW YORK. 


easily operated. 


The best is always cheapest. 





Write for particulars. 


Patents, Trade Marks, Designs. 
The M. OHMER’S SONS CO, Searches as to Novelty; Reports on Infringements; 


Patent Matters Exclusively; 15 Years Experience. 
Refers to Publishers this Magazine. 


FRANKLAND JANNUS, 
73 Nassau St., New York. Attorney-at-Law, Atlantic Bld., Washington, D. C. 





Always have Title Examined before Investing i 
Home Office & Factory: Dayton,O. ) ~"*"°"*’" “" patent Property. |e 











COMPRESSED AIR. 


CAMERON STEAM PUMPs. 


Simple, 
Compact, 
Durable, 
Efficient. 


NO OUTSIDE VALVE GEAR. 





ADAPTED TO EVERY POSSIBLE DUTY. 


MANUFACTURED BY 


THE A.S. CAMERON STEAM PUMP WORKS, | 


Foot East 23d Street, New York. 
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1g STEAM AND AIR DRILL HOSE A SPECIALTY. 
THE MANHATTAN beatae licconesi 
RUBBER MF’G CO 


Steam Packing, 
Pump Valves, 
Air Compressor Valves, 





Rubber 
Belts, 
Car — di 
Springs, 43 

Gaskets, 
Suction FRANK CAZENOVE JONES, 
Hose, PRES’T AND GEN’L M’G’R. 


Emery Wheels, 
ALL’ KINDS OF MECHANICAL RUBBER COODS. 


Factories: General Office and Salesroom : 
Passaic, N. J. (onD.L.&W.R.R.) 64 CORTLANDT ST., NEW YORK. 


SENO FOR ILLUSTRATED CATALOGUE. 
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Hlectric Blastime. 


ECTRIC FUSE 


Victor Electric Platinum Fuses. 
Superior to all others for exploding any make 
of dynamite or blasting powder. Each fuse folded 
separately and packed in neat paper boxes of 50 
each. All tested and warranted. Single and 
double strength, with any length of wires. 


“Pull Up” Blasting Machine. 
The strongest and most powerful machine ever 
made for electric blasting. No. 3 fires 30 holes. 
No. 4 fires 50 holes. No. 5 fires 100 holes. They 
are especially adapted for submarine blasting, 

large railroad quarrying and mining works. 


Victor Blasting Machine. 
No. 1 fires 5 to 8 holes; weighs only 15 Ibs., 


adapted for prospectling, stump blasting, well 
sinking, etc. 











STANDARD ELECTRIC FUSE AND BLAST TESTER, WIRE REELS (New 
Design), LEADING AND CONNECTING WIRE. 


MANUFACTURED ONLY BY 


JAMES MACBETH & CO., 128 Maiden Lane, New York City 

















Used by 
Anaconda [lining 
Co. 

Erie R. R. Co. 
Cambria Iron Co. 
Nottingham 
Colliery. ' 
Jerome Park 
Reservoir. 
And shops 
of every 
description. 








Features: 


Piston Inlet 
Valves. 


Automatic 
Unloading 
Device. 


Water Jacketed. 
Efficient Cooling. 


Minimum 
Clearance. 


Simplicity, 


High Duty Compressors, Straight Line, Half Duplex and Duplex. 


Se & 


Effect of Steam Hammer on a 
Piston Inlet Valve. 





Bent but not broken. 
Send for Catalogue. 


BREESE EEES 


! 


THE 


Ingersoll- 


Sergeant 
Drill Co... 


Havemeyer Building, 
New York. 





